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zNcvdZ]IjO8ZvolmO
¯l^O8g-ijONt-\rvot@yyjeZ]\^ijlm`jetjL  t@y[ONO8y£[\^b`4OzO_l]\{voet\^bv>¢ubdeyZ]i@z{IzNcvdZ]IjO8ZNY\mIjOxjlmbudlmvuM#MPO_l
eZzNbutLZ]\^l{voetjO8y\^bZ]X[Z]\^O_MPvo\^ehzNvucfcXxjl^Oj½\^ILO#t@voMPOabusIjehZUxjlmO_y[ehzNvo\^O_Z_ Å MPb[y[ijcO#Z^X[Zp\mONM
ILvuZ¨\mb+v>¢ubdeyZ]iLz{IzchvuZ^IjO8Zvoi[\mbuMv\mez_voccfXd
%Ë *[[ Ë  Ï *  5È[ ÈÏ-+A4  \+Z]ILbuijchy `4Ox@b-Z^Z^ef`LcfO\^b±zbdMPxjefcOeft votÀeftLyjONx4ONtLy[O_t-\ ¡ v>X±O_vdz{I
MPbYyjijcfObuv#xjlmbudlmvuM  txLvol^\^ehziLcvul_jZ]\mvutLyjvol{y+ce`jlmvul^eO_Z¨MaiLZp\'`4OzbdMPxjefcO_ybut@zOU¯bul'vucfc´
BaÏ%Ï __NC*3* 1+32D4FEtjO#bos\^IjOPMPbdZ]\bulmefdeftLvucvdZ]x4O_z\mZbu¨QYeh¼qq ehZU\^ILO#lmO_vucfe)/_vo\^ebutbusvzbdMa
xjcO\^O_cfX¤`4bYbo\{Zp\mlmvuxjx@O8y¤eM#xLcfO_M#O_t-\mv\mefbdt1boRvÀzbdtLZp\mlmvueft-\
chvotLuiLvuuO½¯lmbuM v5Z^MvoccÇdONlmtjONc
³ ¼qq ¡ e¥\mIzbdtLZ]\^l{voetd\{Z'b¢dONl'chvo`4ONcO_y½dlmvuxjILZvotLy½cetjO_vulrcbuuehzRzNbutLZ]\^l{voet-\mZxLl^b¢Yehy[eftL+efM#
x@O_lmvo\^e¢uO¯O8v\mijl^O8Zm¸TbYyjijcfO8Z vul^OO8Z^Z^ONt-\^ehvocj\^b\mIjO'`4b-bu\mZ]\^l{voxbu£Z^iLz{IvzNbuMPxjcOPcvutjuiLvuuOd
ÉLijl]\mIjONlmMPbulmOu\^ILOy[O8Z]eut burv½MPb[y[ijcOZ^XYZ]\^O_M¯bul#kFl^bdcfbd½tjONO8yjZR\^bMPO_O\#Z^buMPO+bu\^IjO_lalmO
g-ijelmONMPONt-\mZ%'
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d­ !!­ ºª # 	<	8« :h¬
Dd­¬
 *5     ÌL4=HJIjO¨MPbYyjijcfOZ^X[Zp\mONM|Z]ILbuijchytjbu\lmO_Z]\^lmehzº\\mIjO¨iLZ]O¨bo@kFl^bdcfbd'¯bdll{voxjehyxjlmbo\mbo\pXYxjetjL
eftxLvul]\mezNijchvol '
 \mIjOPzbut@zehZ]O_tjO_ZmZ'buFkFl^bdcfbd
zb[y[O#Z]ILbuijchy½`4OaxjlmO_Z^ONlm¢uO8y£@v>¢dbuehy[etjP\^bYb
Mvut-XMPb[y[ijcO
lmONchv\mO_yy[O_zNcvulmvo\^ebutLZ
 MPON\mvxjlmbudlmvuM#MPetjRxLl^O8y[ez_v\mO_ZJZ]i@z{IvdZ¨\^IjOPµu¶[·Y·Rxjl^O8y[ehzNv\mOZ]Ijbdijchy`4OZ^ijxjx4bul^\^O_y
 tLO ¡ zNbutLzNONx[\{ZZ]ILbuijchy`4OcfeMPe¥\mO_y/et²bdlmy[O_lU\^b`@Ovdy[bux[\mO_y²`YXzchvuZmZ]ehzNvuck l^bdcfbdxjlmbo
dlmvuMPM#O_lmZ_
%Ë   +   d 4¨HJIjO'MPb[y[ijcOZ^XYZ]\^O_M Z]IjbdijchyzbuMPO ¡ e¥\mI
v¯bulmMvoc4Z]O_MPvut-\^ehzNZ=¯lmbuM ¡ Ijehz{I+butLOrzNvut
y[ONlme¢uOe¥\{Zxjlmbux4ONl^\^eO_Z_
 *5 Ë  * 5 Ë  Ë,+ _j ÈÏ-+ 4a/O ¡ vutd\U\^ILOM#b[y[iLcfOZ^XYZ]\^O_M \^b`4OPO_vuZ^X\^b½zNbYyjOPvutLy\^bx@bdl]\
but-\^by[ef¦DONlmONt-\'cfbduehzrchvotLuiLvuuO_Z_Ylmvutjuetja¯l^bdM ÂÃrÄ'´k l^bdcfbda\mb+QYe¼qq
T½b[y[iLcvul^ef\pX eft¤\mIjO;zbut-\mOY\bucfbduehzxjlmbudlmvuM#MPetj±ILvdZ
`4ONO_t zbdtLZ]ehy[O_lmvu`jcfX Z]\^iLy[eO_y%vot@y
\mIjONlmO#ILvuZU`4ONONt;Z^buMPO#Z]\mvutLyjvulmy[e)/_vo\^ebutvo\]\mONMPx[\mZ    t/bul{y[O_lr\mby[OLtjOvtjbo\mefbdtbo¨MPbYyjijcfO
\mILv\zNvux[\^ijlmO_Z
efMPx4bul^\mvutd\vuZ^x@O8zº\{Z
Z^iLz{I vuZ
efMPx4bul^\6O[x@bdl]\votLy¤eMPxjcONMPONt-\mvo\^ebut¤Ijehy[etjLr\^IjO
ª«(:È©Nª N8(8%m«%d©L­º¬ l^O_cfXbut²vut²ONY\^ONt@Z]ebut²bo \mIjOPijtLy[O_l^cXYeftLcbudezuaÉjbdlOjvoMPxjcOu%bdtjOPzNvot;zef\^O
ONY\^ONt@Z]ebutLZ ¡ e¥\mI
tjO8Zp\mO_y
efMPxjcez_v\mefbdtLZ9_	´YMPO\{vcfbduehz  	4bdl¨Z^O_zNbutLy+bul{y[ONlsxjl^O8y[ehzNv\mO_Z9  ´FQYbdM#O
bu\^IjO_lrvoxLxjl^b-vuz{IjO8ZNjZ^iLz{I½vuZzbdtd\mOY\^i@voc%cbudezxjlmbudlmvuMPM#etj  u @bdlbu`[npO8zº\]bulmeONt-\^O8yONY\^ONt@Z]ebutLZ
 [>´jdbaO_¢uO_t
¯ijl^\^ILONl'et\^IjOy[elmO_zº\mefbdtbu¯ijccXy[XYtLvuM#ehzMPb[y[ijcOZ^X[Zp\mONMZ_
Er\mIjONlxjlmbux4bdZmvochZvuyjy;zNbutLZ]\^lmiLzº\{ZU¯buly[O8zchvolmeftLvutLy/ILvotLyjcfetj½vtjbo\mefbdt/bu¨Z]\mvo\^ehzPM#b[y[iLcfO8ZN
Et
\^IjObdtjOI@votLy£Y\mIjONlmOvolmO oª d­  	:È© =8 8%^«u©j­¬ y[O>LtLeftjPMPb[y[ijcOzNvochziLcfeDbutZ]ON\mZ¨boxjlmbuul{voM
zNcvuiLZ^O_Z_Z^iLz{I vuZ\^IjOMPbYyjijcfOzNvochziLcfiLZRbo E  ONON¯O  dbdlRbu§¨ijdcfeO_Z^e´¼voMPMvO\PT½ONccfb    ´
bdlU\^IjO+z_vochzijciLZbo'Q[vutjONccvvutLy;voccONt      etLZ^xjeflmO_y¯lmbuM ¯ijt@zº\^ebut@vocFxjlmbudlmvuMPM#etj@ Et/\^IjO
bu\^IjO_lILvutLy£\^IjOZ]buz_voccfO8y ¬	< d©>;:È© =8(8^«u©j­¬ y[O_vuc MvoetjcX ¡ ef\^I;\mIjOvucfxjI@vo`4O\RbuZ^XYMR`4buchZN
HJILeZsvoxjxjlmbdvdz{IaehZ¨zlme¥\mezNe /_O_yPet0 dYY   L¯bdl ef\mZscvdz{ÇRbuDcbudez_vocLZ^ONMvutd\mez_ZNÃ'O_¢uO_l]\mIjONcO_ZmZ Z^XYtd\{vuz\^ehz
MPb[y[ijcOPZ]X[Z]\^ONMZUvolmObo \mONt/z{IjbdZ^ONt½¯bdlr\mIjONelZ]eMPxjcfehzef\pXvot@yzbdMPxLv\mef`jece¥\pX ¡ ef\^ION[eZ]\^etjzNb[y[Ou
ÉLbulseftLZ]\mvutLzOd-\^IjOO[eZ]\^etj#zb[y[Orbu3E
 É Å  q¨¼%k ³ g@ lº¸&   Dbul¨vkFlmbucbuRefMPxjcONMPONt-\{v\^ebut
boq¨w
 	JZ^IjbuiLcy±`4Ox@bdl]\mO_y vdZRcef`Llmvul^eO_ZReft5vMPbYyjijcvul#Z^X[Zp\mONM;T½bdZ]\aburzijlml^O_t-\aMPb[y[ijchvolRk l^bdcfbd
Z^X[Zp\mONMZ_YZ^iLz{IvuZ'Q  qJQ-\miLZ  d%LQY   o	´¨q¨¼efk¨QYOf>´Q[§    @qsevubF  jL~´YÈvucfc£et-\^b#\^ILeZ
z_v\mONubdl^Xd½Ã'butLO+bo\mIjONM Ijb ¡ ON¢dONlO_tLZ]iLl^O8ZON¢dONlmX²xjiLl^x4bdZ^O ¡ O+ILv>¢uO
O[x@b-Z]O8y;xjlmON¢YefbdiLZ^cfXdÉjbul
ONjvoMPxjcOuY\^ILOx@bdxjijchvol'Z^XYZ]\^O_M Q  qJQ-\miLZ'y[bYO8ZJtjbo\'xjlmb¢YeyjOUvut-X
Ç-etLyboefMPxjcONMPO_td\{v\mefbdtILey[etj@
 t\mIjehZ xLvux@O_l_ ¡ OZ]Ijb ¡ \mILv\szNcfb-Z]iLl^O8ZFvolmO'tjO_O_y[O8y#\^bRO_tLZ^ijl^O'zNb[y[Orxjlmbo\mO_z\^ebutPeftvxjlmO_y[ehzNvo\^O
`@vuZ^O_y±Z^X-t-\{vuzº\mez+M#b[y[iLcfOZ]X[Z]\^ONM/O
xLl^bdx@b-Z]O+vzNcfb-Z]O8y;MPbYyjijcfOZ]X[Z]\^O_M ¡ ILez{I y[ehZ]\^etjuijehZ^IjO_Z
MPON\mvxjlmbudlmvuM#MPetjxjlmO_y[ehzNvo\^O8Z%¯lmbuM¹zNcfb-Z]ijlmO_Z_%/Osdef¢dOsvutRbux4ONl{v\mefbdtLvoc-Z]O_Mvot-\^ehzNZ ¡ Ijehz{IRehZi@Z]O8y
\mbxjlmb¢uO¨\^IjOrxjl^bdx@O_l]\mefO8ZboD\^ILOM#b[y[iLcfOrZ^X[Zp\mONMdvutLy#\^bzNbuMPxLvul^O¨\^ILOry[ef¦4O_l^O_td\FON[eZ]\^etjZ^XYZ]\^O_MZN
ÉLijl^\^IjO_l^MPbulmO ¡ O#xjl^b¢Yehy[OavcbuuehzNvucZ^ONMvutd\mez_Z ¡ ef\^I;v
\^l{votLZ^cvo\^ebutbu MPb[y[ijchvolzbdtLZp\mlmvueft-\Ucfbduehz
xLl^bdul{voMZ et-\^b
q¨¼%k xjlmbudlmvuMZ ¡ ef\^IvPZ^efMPxjcOM#b[y[iLcfOzNbutLZ]\^l{voet-\Z^X[Zp\mONM
HJIjO
xLvox4ONlehZbdl^-votje)/NO8yvdZ¯buccfb ¡ Z_HJILO+tjOY\aZ^O_z\^ebut±y[OLtjO_Z\^IjO+Z^XYt-\mv/boJ\^ILO+MPbYyjijcfO
Z^X[Zp\mONM ¡ OaxLl^bdx@b-Z]OR¯bulRq¨¼%kQYO8zº\^ebut  xLl^O8Z]O_td\{Z\^IjO#bux4ONl{v\mefbdtLvocZ]O_Mvot-\^ehzNZUbosM#b[y[iLcvulzNbut[
Z]\^l{voet-\cfbduehzaxLl^bdul{voMZ ³ T²q¨¼%k¨¸ ¡ e¥\mI;M#ON\mvoz_voccZvot@y/zNcfb-Z]iLl^O8ZNvutLy/Z]Ijb ¡ ZU\mILv\\mIjehZMPbYyjijcfO
3G! 
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Z^X[Zp\mONMÆZmv\^ehZ LO_Z\^IjOzb[y[O
xLl^bu\^O_z\^ebut±xjlmbux4ONl^\pXu/QYO_z\^ebut   xjl^O8Z]O_t-\mZ\mIjO
cbudez_voc¨Z]O_MPvut-\^ehzNZbu
xLijl^OT²q¨¼kÀxjlmbudlmvuMZN-e9 O ¡ e¥\mIjbuij\JMPON\mvxjlmO_y[ehzNvo\^O8Z tjbdlzcbdZ^ijl^O8ZNHJIjO_t%[eftZ^O_zº\mefbdt~j ¡ Oy[ehZp
zNiLZmZZ]bdM#Oxjl{vodMv\^ehzvuZ^x@O8zº\{ZJbobuijl'Z^X[Zp\mONMFÉeftLvucfcX ¡ OzbdM#x@volmOUbdijlxjlmbux4bdZmvoc ¡ ef\^IO[ehZp\meftj
Z^XYt-\mvuz\^ehzUM#b[y[iLcfOZ^XYZ]\^O_MZ'votLyzbdtLzciLy[Od
  	 £$	 a$     		R&(
/OzbdtLZ^ey[O_l¨\^IjO¯bdcfcb ¡ eftLPyjeZÈnpbuet-\vucfxLILvo`4O\{Z'
 V
vPZ]ON\'bozNbuijt-\{vo`jcO¢>vul^ehvo`LcfO8Z¨yjONtjbu\^O_y`YX
x, y . . .

 ΣF
vPZ^O\'buzbdtLZ]\mvot-\'vot@y
¯iLtLzº\mefbdtZ^XYMR`4buchZ 
 ΣC
v#Z^O\'buzNbutLZ]\^l{voet-\¨xjlmO_yjez_v\^OZ^XYMR`4buchZzbut-\{voetjeftL
=
votLy
true

 ΣP
vPZ^O\'buxjlmbudlmvuM»xjl^O8y[ehzNv\mOZ]XYMR`4buchZzbdt-\mvoetjetj
call/2

closure/3
votLy
apply/2

 ΣM
vPZ^O\boMPbYyjijcfOt@voMPO_Z_
 \ ¡ bPlmONchv\mefbdtLZ M
!: ΣF × ΣM
votLy
P
!: ΣF × ΣP
vutLyU\^ILOFiLZ^iLvoc-Z]ON\mZ£bu-\mONlmMZN8¯bulmMPO_yb¢dONl
V
vutLy
ΣF
v\^bdMPez=zNbutLZ]\^l{voet-\mZ_¯bulmMPO_y ¡ ef\^IxLl^O8y[ez_v\mO
Z^XYMR`4buchZJeft
ΣC
4votLyv\mbuMZ_[¯bulmMPO_y ¡ e¥\mIxjl^O8y[ehzNv\mOZ]XYMa`@bdcZJet ΣP   t½vuyjyje¥\mefbdt% ¡ Ozbut@Z]ehy[ONlMPb[y[ijcOtLvuM#O8ZN@tjbo\mO_y
µ
ff4votLyvo\^buMZxLl^Oj[O_y ¡ e¥\mIvPMPbYyjijcfOt@voMPOu@tjbo\mO_y µ :A votLyzNvucfcO_yLª : s­{®  « !R¬ 
§¨O_z_voiLZ^O
ΣF

ΣP
vot@y
ΣM
vul^OZ]iLxjx@b-Z]O8y\mba`4Oy[eZ]\^etLz\_[\mIjOU\ ¡ b#l^O_cvo\^ebutLZ P
!
vutLy
M
!
¡ ecfc
`4O+iLZ^O¯iLcF\^beft-\^O_l^xLl^ON\¯ijtLz\^ebut Z^X-Ma`@bdcZl^O8Z]x4O_z\^e¢uONcX²vdZxjlmO_y[ehzNvo\^O8ZRZ^X-Ma`@bdcZRvotLy;vuZRMPbYyjijcfO
t@voMPO_Z ¡ IjecfOv²M#ON\mvoz_vocc9  t zchvuZmZ^ez_voc¨kFl^bdcfbd²Z^X[Zp\mONMZN ¡ IjONlmO
¯iLtLzº\mefbdtÁZ^XYMR`4buchZNFxLl^O8y[ez_v\mO
Z^XYMR`4buchZRvutLy±MPb[y[ijcOtLvuMPO_ZRvul^Otjbo\PZ]XYt-\mvdzº\mez_voccfX;y[ehZp\meftjdijehZ]IjO8y£\^ILeZR\ ¡ b²l^O_cvo\^ebutLZazNvut `@O
¢YeO ¡ O_yvuZ¨\mIjO\^lmef¢Yehvoc£`je npO_z\^ebutLZ_
ÉLbul\^IjOZmvoÇdO bo4Z]eMPxjcfehzef\pXu ¡ OJvuZmZ]iLM#OsIjONlmOs\^ILvo\=vucfc[vo\^buMZvolmO¨g-iLvucfe7LO8yRvot@yRy[bUtjbo\=y[O8Z^zNl^e`@O
\mIjOaZ]\mvutLyjvulmy½zNbutY¢uO_td\mefbdtLZ ³ def¢dONtetZ^O_z\^ebut~u¸\^ILvo\Uvul^OiLZ^O_y½¯bulrxLl^Oj[eftjvoi[\mbuMv\mez_voccfX\^IjO
vo\^bdMPZJdef¢dONt ¡ e¥\mIjbui[\'MPb[y[ijcOtLvuM#O8ZJeft½vPzchvoi@Z]Obul'v#dbdvoc´
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© losure(x, µ :A, z)
 L­ m­ x 	<4® z  ^­  :1 Nªf­º¬  :h¬	<  « !  <4® µ :h¬ !P«8®	[ªf­:È®u­<L;: s­ ! 
HJIjO+zNcfb-Z]iLl^OPz
losure(x, µ : A, z)
vuZmZ]b[zNevo\^O_Z\mb¢vul^ehvo`jcO
z
vg-iLvucfe7LO8y²vo\^buM
µ : A
eft ¡ Ijehz{I
\mIjO+¢volmehvo`jcO
x
ehZRvu`LZp\mlmvdzº\mO_y£ Å zcbdZ^ijlmO
z
ehZvoxLxjcfeO_y/\mbvot vul^dijMPONt-\
x ¡ ef\^I;\mIjO
xjlmO_yjez_v\^O
apply(z, x)

G5GIH	JLKK>MNK
  # !d­ !!­ ºª # 	<	8« :h¬
Dd­¬
Ë	3+3  ÈÏ-+
 4 
   
	   :h¬  « "! [ª7
«  !L­  « "!
A0 ← c1, . . . , cl|κ1, . . . , κn|µ1 :A1, . . . , µm :Am.
 L­ m­ !L­ κi  ¬  ^­©Nªf«¬N+m­º¬ j­ Ai  ¬  ^­ 	 « !a¬j­ ci  ¬  ^­	 « ! :È©©{«	<L¬N'  : <L9¬	<4®Fj­ µi  ¬ ^­ !P«8®	[ªf­<- !P­¬! 
Ë	3+3  ÈÏ-+
 4    :h¬  ;84ª­ (µ,Dµ, Iµ)  L­ ^­ µ ∈ ΣM :h¬ j­ tLvoMPO «  !L­ !«_® [ªf­ 
Dµ
+¬N­>«  ©ª7 Y¬N­º¬:h¬a©Nª ª­m® eM#xLcfO_M#O_t-\mv\mefbdt «  !L­ !P«8®	[ªf­  <4® Iµ ⊂ ΣP :h¬!L­ et-\^ONl^ÈvuzNO « j­ !P«8®	[ªf­    #¬ ! m«oª p {­ªf« < o¬  « j­ : <­   u©{­a«  !«_® [ªf­R©Nª ª­m® µ   ­ : ª ª£¬	  	 p :h¬xLij`jcez : < µ s«	j­   :h¬N­ ­ : ª ª¬> !L	 p :h¬ xjl^e¢v\mO : < µ  
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P :h¬+¬­¨«  !P«8®	[ª­º¬ L«>¬N­<  !­º¬ ^­a® :h¬: <D©>  
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 4  	  :h¬  « "![ª7
c1, . . . , cl| 〈ν1 − κ〉 , . . . , 〈νn − κn〉 | 〈ν
′
1 − µ1 :A1〉 , . . . , 〈ν
′
m − µm :An〉
 L­ m­!L­ ci  ¬ ^­  « !:È©r©m« <j¬' 	: <È¬ !L­ κi  m­'©ª«>¬+^­¬ j­ (µi :Ai)  ¬  ^­ Lª : ¨­m®  « !R¬ <4®{« !!L­ νi  ¬9	<D® j­ ν′i  ¬  ^­.!P«8®	[ªf­9<- !P­¬r©Nª ªf­{®: < !C:h¬r©=¬N­
z_voccfetjzbdtd\mOY\mZ  〈νi − µi :Ai〉  ¬ ^­#©=oª ªf­{® vo\^bdMPZ ¡ ef\^I½zNbut-\^ON-\  j­ ^­N>¬ 〈νi − κi〉  ¬ ^­#©Nª ªf­{® zcbdZ^ijlmO_Z ¡ e¥\mI½zbut-\mOY\  
 t\^IjOR¯buccfb ¡ etj 〈ν − (κ1, . . . , κn)〉 ¡ ecfc`4Oav
tjbo\{v\^ebut¯bul\^IjO#Z]O8gdiLONtLzNO_Zbo zcbdZ^ijlmO_Z ¡ ef\^IzNbut-\^ONY\
(〈ν − κ1〉 , . . . , 〈ν − κn〉)
votLy
〈ν − (µ1 :A1, . . . , µm :Am)〉
vtjbu\mvo\^ebut#¯bul \^IjOUZ]O8gdiLONtLzNO
buvo\^buMZ ¡ ef\^I½zbdt-\^OY\ (〈ν − µ1 :A1〉 , . . . , 〈ν − µm :Am〉) 
 ** 5 Ë 
4! j­  «ª ªf«  : < ©Nª7>¬{¬:È©Nª-: !&8Dªf­ !P­<L 	;:È«	<«  j­"$#&%(' ¶[·Y·*)*+ 8^­{®	:È©N	 ­: ª ª Y¬-  ­¬
j­#®	: ,­ ^­<4©{­ {­>  ­{­><  !P­ -]©Nª ª 	<4® !L­N8(8Dª :È©N	;:È«	< «  ©ª«>¬+^­: < $!«8®	[ªf­  
"$#&%(' ¶[·Y·/.103214527698;:=<1µo¶[·Y·>.748?2
¶(@@BADCE[¶F. "HGBI*%(' .10J8*8K2
" ¶ # ·5L
"$#&%(' ¶[·Y·/.M6F2=6F2ON$8;:=<1µ G ·Y·*ALµPE5.QSR52ON$8>L
µ G ·Y·*ALµET.=UT21N$8V:M<WC(ADEC[¶LµE5. "GBI%(' .O0J8*8?2
µ G ·Y·DALµE5.QX0ZY[U*R52ON$8/L
µ G ·Y·*ALµET.7N521N$8/L
 L­&Y¬N­r« Jµu¶[·-· : < ,:h¬ : !&8Dªf­ !P­<L 	;:È«	<½®u«8­º¬ <D«	C8^­!>­<L3: <L'Y¬:È«	<  ^« !  <4« !L­ !«_® [ªf­  : !
 d«ªsª :]\d­^"$#%(' ¶[·Y·>.1052OC(ADEC[¶LµET. "GBID%(' .O0$8*8?21N98  _ </!L­« !L­  L	<D®   < : !984ªf­ !­><  :È« < « 
"$#%(' ¶Y·Y· Y¬: < 
©Nªf«>¬+^­¬	<4® ¶B`*`@·Ba : <L¬­Nu®« Uµu¶[·Y· >¬{­Nªf«
"$#&%(' ¶[·Y·/.7b52=698V:M<Á¶B``@·ca5.10321b8?2
¶9@@BABCEj¶F. "GBI%(' .O0J8*8?2
" ¶ # ·TL
"$#&%(' ¶[·Y·/.M6F21N$8V:M<1µ G ·Y·DALµE5.Q[R521N$8>L
3G! 
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!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	: < F!L­[ªf­¬ : <#  Nªf­'&  
4¹Ï Ð 59[
 D 
(µ,Dµ, Iµ)∈P (ν =µ)∨(p ∈ Iµ)
(p(~s)←c′|k|β)θ∈Dµ X |= ∃(c ∧ ~s=~t ∧ c
′)
(c|K|γ,
〈
ν − µ :p(~t)
〉
, γ′) −→ (c, ~s=~t, c′|K, 〈µ− k〉 |γ, 〈µ− β〉 , γ′)
 *5 5 X |= ∃(c ∧ t=g ∧ s=f(~x)) f
P
! p g M! µ
(c|K|γ, 〈ν − ν :call(t, s)〉 , γ ′) −→
(c, t=g, s=f(~x)|K|γ, 〈ν − µ :p(~x)〉 , γ ′)
 *5* 5 Ì 〈µ− z losure(x, µ′ :A, z)〉 ∈ K X |= c⇒ z=y
(c|K|γ, 〈ν − ν :apply(y, t)〉 , γ ′) −→ (c|K|γ, 〈µ− µ′ :A[x\t]〉 , γ′)
Hvu`jcO('=Hl{vot@Z]ef\^ebutl^O_cvo\^ebut
¯bul'T²q¨¼kÁdbdvucZ ¡ ef\^I½zNvucfchZvotLyzNcfb-Z]ijlmO_Z_
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-4  4¹Ï Ð 59[   #4
HJILO !P«8®	[ª     
 #"(|lmO_Z^buci[\^ebutlmijcOeZvl^O8Zp\ml^ehzº\mefbdtbo\^IjO#zchvuZmZ]ehzNvucqJQ[¼l^ijcO¯bdlUq¨¼%k >´
HJILOvdyjy[ef\^ebutLvuc'zbdtLy[ef\^ebut
(ν = µ) ∨ (p ∈ Iµ)
eMPx@b-Z]O8Z#\^ILvo\
µ : p(~t)
z_votÁ`@O½ONYO8zi[\mO_yÀbutjcX
efp%O_e¥\mIjONl\mIjOzNvocceZMvdy[O#¯l^bdM eftLZ^ehy[O#\^IjOPMPb[y[ijcO ³ e9 Oua¯lmbuM \mIjOzNvocceftjzbdt-\^OY\
µ
¸ºbulU\^IjO
xLl^O8y[ez_v\mO
p
ehZv#xjij`jcezxLl^O8y[ez_v\mOUet
µ
FT½bulmONb¢dONl8o\^ILeZlmijcOxjl^bdxLvo-v\mO_Z \^IjOz_voccfetjzbdtd\mOY\J\^b
\mIjOtjO ¡ v\mbuMZJbo\^ILO`@b[y[X+bu\mIjOZ^ONcO_zº\mO_yzchvoiLZ^Ou
 t\^IjOU¯bdcfcb ¡ eftLL ¡ OzNvucfc 8 +^­    #"%5chvotjdiLvodO_Z_u\mIjOzchvuZmZ buT²q¨¼kÀchvotLuiLvuuO_Zs`jijecf\ ¡ ef\^I
\mIjO !P«8®	[ª7    
 #)(l^iLcfO#butjcXu  t\^IjehZzchvuZmZN£zNcfb-Z]ijlmO_ZUzNvutjtjbu\`4OaONYO8zi[\mO_y²votLy²volmO¯bulm`jehyjy[O_t
et½zchvoiLZ^O_ZJvutLyubdvucZ_
G5GIH	JLKK>MNK
$  # !d­ !!­ ºª # 	<	8« :h¬
Dd­¬
D4 -4 
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HJILO ©=oª ª lmijcfOdef¢dO_Zvut±bux4ONl{v\^ebut@vocFZ^ONMvot-\^ehzNZU\mbMPO\{v zNvocchZN  \R\^l{votLZ^cvo\^O8ZU\ ¡ b\mONlmMPZeft-\^bv
g-iLvucfe7LO8y5v\mbuM lmO_Z^x4O_zº\meftL²`4bo\mI5\mIjOzbdt-¢dONl{Z]ebut±lmONchv\mefbdtLZ
P
!
vutLy
M
!
  \+eZ ¡ bul^\^IÀtjbo\meftj
\mILv\\^IjehZl^iLcfO/y[bYO_Z+tLbo\½z{ILvotjdO½\^ILO²zNvucfcetjÀzNbut-\^ON-\8 ¡ Ijehz{I1ehZ
tjO8zO8Z^ZmvolmX \mb5ui@vol{vot-\^O_O½\^IjO
eMPxjcONMPONt-\mvo\^ebutIjehy[eftLL
ÉLbul\^ILOPZmvoÇdOabu¨Z^efMPxjcehzef\pXu%bdijly[O>LtLe¥\mefbdt/bu
call/2
yjb-O8ZUtjbo\voccb ¡ \^IjOMPON\mv zNvucfcbu¨zbdt[
npiLtLzº\mefbdtLZboFvo\^buMZJtjbdl\^ILOM#ON\mvoz_vocc%bo=vzbdtLZp\mlmvueft-\8 HJIjO_Z^OzNvucfchZzNvut`@OO_MRijchv\mO_yIjb ¡ ON¢dONl8
`YXZ]ijxLx@b-Z]etj ³ 
,

/2 P! and/2
¸¨vutLy`-XvuyjyjeftjP\mIjORzNcvuiLZ]O
(and(x, y) ← µ :call(x), µ :call(y))\mb#\^IjOeMPxjcfO_MPONt-\mvo\^ebutbovotYX+MPb[y[ijcO
µ

 t\mIjehZF¯bdl^Mvoc4Z]O_Mvot-\^ehzNZ bo%MPO\{v zNvocchZNu\^IjOubdvuc
(c| 〈µ− ν :call(t, s)〉)
Z^iLzNzNONO_yLZFON¢dONtef%\^ILO
vul^dijMPONt-\ bu
call/2
ehZJv¯lmONO¢>vul^ehvo`LcfOd Å ÈvoecfiLl^O ¡ bdijcyPtLbo\J`@Ov`4O\^\^ONlJZ^buci[\^ebut+ILb ¡ O_¢uONl8dvdZ ef\
¡ buiLcyatjbo\=xjlmO_Z^ONlm¢uOs\^ILOeftLyjONx4ONtLy[O_tLzObu@\mIjO'Z^ONcO_zº\mefbdt#Z]\^l{v\mONdXuHJIjehZFz_vot#`@OecfciLZ]\^l{v\mO_ya`-XR\^IjO
¯bdcfcb ¡ etj
dbdvoc ³ 0 *EC I AT2µu¶[·Y·/.10J88Y  F\^ILO#MPON\mv zNvucfcbusv+¯lmONO#¢volmevu`jcOÈvoecO_y£%vcfON \]´\^bu´lmefdI-\
Z^ONcO_z\^ebutRZ]\^l{v\mONdX ¡ buijchycO_vdy\^b\^IjOJzbdMPxji[\^O8yvot@Z ¡ ONl/0 *EC I A ¡ IjO_l^O8vuZv'lmefdId\^9\mbocfON \Z]\^l{v\^O_uX
¡ buiLcy#cO_vuya\mbvÈvoecfiLl^OdHJIjOxLl^bdx@O_l ¡ v>X\^bILvutLy[cO'Z]i@z{I#O_l^lmbul{ZehZ\^bl{voehZ]O'vutPOjzO_x[\^ebut% ¡ Ijehz{I
ehZJtjbu\¯bulmMPvucfe)/NO8y
ILONlmOu
D4 -4  5 Ï   Ë-4
HJILO =8 84ª  lmijcOvoccfb ¡ Z#\mIjOetY¢ub[zNvo\^ebutÁbov±zcbdZ^ijlmOzbdcfcO_z\^O_yÁ`YX v;xjl^O_¢YefbdiLZxjlmO_y[ehzNvo\^Oz_vocc9
 t/xjl{vuz\^ehzOu£ef\cb-bdÇ[Zr¯bdlU\^IjO+zNcfb-Z]ijlmOPvuZmZ]b[zehv\mO_y\mb\^IjO+zNcfb-Z]ijlmOR¢vul^ehvo`jcO ³ ¯bulmMvoccfX²z{IjO_z{Ç[Z\^IjO
O8g-iLvoce¥\pXbo¢volmevu`jcfO8Z
z =y
¸Lvot@y½voxjxjceO_ZJ\mIjORzcbdZ^ijlmOU\^b\mIjORvolmuiLM#O_t-\Jet\^ILORzcbdZ^ijlmOzNbut-\^ONY\_
EtLOzNvut+lmONMvolmÇR\mILv\
closure/3
votLy
apply/2
z_vot+`4OUyjO>LtjO8y+et¼qqÁvuZsM#O_l^OZ^X-t-\{vuzº\mezrZ]ij-vol
closure(x, A, z) ≡ !∀x.((arg(z, x))→ A)
apply(t, z) ≡ arg(z, t)
 t\mIjehZy[OLtjef\^ebut%£v+zNcfb-Z]iLl^OehZrvut¼qq vodONt-\ ¡ Ijehz{I ¡ voef\mZ¯bdlref\mZUvolmuijMPO_td\'def¢dONt½etv\mbuÇuO_t
³ cfetjO8volcbuuehzzbdtLZp\mlmvueft-\º¸
arg(z, x)
\^ILvo\'eZ'x@b-Zp\mO_y`-X+\^IjOvuxjxjcXvodONt-\_
 ** 5 Ë D4 
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!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©Nª ª« 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 t\^IjehZZ]O8zº\^ebut ¡ ORxLl^bdx@b-Z]O#v¯bulmMvocy[O>@tje¥\mefbdtbo \^IjO#efMPxjcONMPO_td\{v\mefbdtIjehy[eftLxjlmbux4ONl^\pXuDvot@y
Z^Ijb ¡ \mILv\'bdijlMPb[y[ijcOZ]X[Z]\^ONM¿l^O8Z]x4O_z\mZJef\_
sË    D4]   (c|K|α) −→ (c′|K ′|β′, 〈ν −A〉 , β′′) :h¬ -  <j¬: ;:È«	<#j­< 
&  : j­ !L­ m­a­ :h¬N9¬ 〈ν − µ :p(~x)〉 : < α 
  a«  j­ ^­#­ :h¬È¬ 〈ν − closure(x, B, z)〉 : < K  : ! A=B[x\t]  « ¬N« !­ t 
  a«  j­ ^­#­ :h¬È¬ 〈µ− ν :p(~x)〉 : < α ¬L©0!L	 p :h¬8- Nª :È©: < ν  
  Ï%Ï-?=4#¼O\iLZZ]iLxjx@b-Z]Oa\^I@v\
〈ν −A〉
ehZUtjbo\et
α
%vuZUe¥se¥\ehZrtjbu\\mIjOzNvdZ]O ¡ OPvolmO\^lme¢-ehvoccX½eft
z_vuZ^O &   %\^IjO\^l{vot@Z]ef\^ebut+ehZJv !«_® [ª7    
 #"( \^l{votLZ^e¥\mefbdt% α eZ¨bo£\mIjOU¯bulmM γ′, 〈ν′ − ν :p(~x)〉 , γ′′¡ ef\^I (ν′ =ν) ∨ (p ∈ Iν)    (ν′ =ν) \^IjO_t ¡ ORvul^OetzNvdZ]O & @bu\^IjO_l ¡ ehZ]O (p ∈ Iν) votLy ¡ OvolmOetz_vuZ^O    D\^ILO'\^l{vot@Z]ef\^ebutehZ v ©Noª ª  α ehZFbu£\^IjO¯bdl^M γ′, 〈ν − ν :call(s, t)〉 , γ ′′ ¡ ILez{I+zNbulml^O8Z]x4butLyLZ\mbzNvdZ]O & =ÉetLvoccfXae¥4\^ILO\^l{votLZ^ef\^ebut#eZFvut =8(8Dª   〈ν − closure(x, B, z)〉 ehZ=et K ¡ e¥\mI A = B[x\t]¯bdl'Z]bdMPO\mONlmM
t
 ¡ Ijehz{IzbulmlmO_Z^x@bdtLyjZs\^b+z_vuZ^O  

sË    D4   (c0|K0|α0) −→ (c1|K1|α1) −→ . . . −→ (cn|Kn|αn) :h¬ ;®u­ : 		;:È«	< 	<D® : 
〈ν − κ〉 :h¬
©Nªf«¬N+m­ : ©{«	<­ A: < j­¬N­ >L­<4©{­ Kn !L­>< 
&  : j­ !L­ m­a­ :h¬N9¬ 〈ν − κ〉 :h¬ : < K0 
  a«  j­ ^­#­ :h¬È¬ 〈ν − ν :p(~x)〉 : < 	< αi ¬L©0!L	 0 ≤ i < n 
  a«  j­ ^­#­ :h¬È¬ 〈µ− ν :p(~x)〉 : <  < αi ¬L©0!L	 0 ≤ i < n  <4® p ∈ Iν 
  Ï%Ï-?=4§¨XetLy[i@zº\^ebut;bdt\mIjOcfO_tjo\mI;bo \mIjO+y[O_l^e¢v\^ebut  
n = 0 ¡ O+volmOR\ml^e¢YevucfcXet;z_vuZ^O & Er\mIjONl ¡ ehZ]OUONef\^IjO_l 〈ν − κ〉 ehZJet Kn−1 jet ¡ ehz{IzNvuZ^O ¡ OzNbutLzNcfiLyjOU`YX
\^IjOetLy[iLz\^ebutIYX-x4bo\mIjO_Z^ehZNbdl
〈ν − κ〉
ehZ xjlmb[y[iLzNO_y`YXPv !«_® [ª7    
 #)(1\^l{vot@Z]ef\^ebut%  t\mIjOrchv\^\^ONlJzNvdZ]O αn−1 ehZsbo£\^ILO'¯bulmM
γ′, 〈ν′ − ν :p(~x)〉 , γ′′ ¡ ef\^I (ν′ = ν) ∨ (p ∈ Iν)    (ν′ = ν) ¡ OavolmOeft²zNvuZ^O  @bu\^IjO_l ¡ ehZ]O ¡ ORvul^Oet½zNvdZ]O  
HJIjOaxjlmbux4ONl^\pX
boFeMPxjcONMPONt-\mvo\^ebutILey[etj¯bdl^MvucfcXZ]\mvo\^O8Z\^I@v\r\mb+ONt-\mONlvMPbYyjijcfO ¡ ORtjONO8y
\mbPxLvuZmZ¨\^IjlmbuiLuIvaxLij`jcezxjlmO_yjez_v\^Obu\^ILeZMPb[y[ijcOu
G5GIH	JLKK>MNK
8  # !d­ !!­ ºª # 	<	8« :h¬
Dd­¬
  Ï * Ï    ÈÏ-+ 4  ) * 5 Ë  Ë,+ _j ÈÏ-+/.0 Ð +52 # ­> (c0|K0|α0) −→ (c1|K1|α1) −→ . . . −→
(cn|Kn|αn)
{­ 
®d­ : 		;:È«	<  Z  〈ν −A〉 m­Nªf« < o¬  «j­¬N­ >L­<4©{­ αn j­< 
&  : j­ !L­ m­a­ :h¬N9¬ 〈ν − µ :p(~x)〉 : < α0 
  a«  j­ ^­#­ :h¬È¬ 〈ν − κ〉 : < K0 
  a«  !L­ m­­ :h¬È¬ 〈µ− ν :p(~x)〉 : </	< αi  0 ≤ i < n 	¬L©#   p :h¬&8- Nª :È© : < !L­!P«8®	[ª­
ν 
  Ï%Ï-?=4r§¨X
etLy[iLz\^ebutbut\mIjOcONtju\^I½bo\^ILORy[ONlme¢>vo\^ebut%  
n = 0
\^ILONt ¡ OvolmO\ml^e¢YevucfcX
etzNvdZ]O
&  Er\^IjO_l ¡ ehZ^OU`YX+cONMPMv     ¡ OÇYtjb ¡ \mILv\'
 Fef\^IjO_l
\mIjONlmO½O[ehZp\{Z 〈ν − µ :p(~x)〉 eft αn−1 eft ¡ Ijehz{I1zNvdZ]O\mIjOxLl^bdx@b-Z]ef\^ebut ehZP\^lmijO`YXeft@y[iLzº\mefbdtI-XYx4bo\mIjO_Z^eZ
 bul¨\^ILONlmOONYehZ]\mZ 〈ν − κ〉 et Kn−1 [eft ¡ Ijez{IzNvdZ]Or\^IjOzNbulml^O8zº\^ebut
eZJy[O8y[iLzO8y
`YXcONMPMv   ~votLyetLy[iLz\^ebutIYXYx@bu\^IjO8Z]ehZ 
 bul\mIjONlmOONYehZ]\mZ 〈µ− ν :p(~x)〉 et α Z^iLz{I\^ILvo\ p ehZxjij`jcehzet ν  ¡ Ijehz{Izbdl^lmO_Z^x4butLyjZ¨\mb\^ILOzNvdZ]O  

    ¨Á '&(a$  ¨
 	    	"  
	        "!
M
Hb+vdef¢dONt½T²q¨¼%k¤xLl^bdul{voM
P
@butjOz_votvuZmZ^bYzNevo\^OvZ^efMPxjcOMPb[y[ijcORzbdtLZp\mlmvueft-\rZ^X[Zp\mONM
M
@eft
¡ ILez{I#\^ILO'zbut@Zp\mlmvueft-\ allow(ν, µ, p) \^I@v\ Z]\mv\mO_Z\mILv\=\mIjOxjlmO_y[ehzNvo\^O p bu4MPb[y[ijcO µ z_votP`4O'zNvoccO_yetMPbYyjijcfO
ν
LeZ'yjO>LtjO8y`-X+\^IjO¯bdcfcb ¡ eftL#voYebuM Z^z{IjO_MvuZ%'
ν ∈ ΣM p ∈ ΣP
M |= allow(ν, ν, p)
ν, µ ∈ ΣM (µ,Dµ, Iµ) ∈ P p ∈ Iµ
M |= allow(ν, µ, p)
HJILeZzbut@Zp\mlmvueft-\Z^X[Zp\mONM y[ONx4ONtLyLZZ^bucONcXbdt\^IjOseft-\mONl^ÈvuzO bo[\^ILOsy[ef¦4O_l^O_t-\MPbYyjijcfO8Z%\mILv\zbdM#x4bdZ^O_Z
\mIjOxjlmbudlmvuM
P
jvutLytjbo\bdtef\mZJeMPxjcONMPONt-\mvo\^ebut%
  
 	  		
X     !    	M,X     ! 
HJILOrcbuuehzNvuc@Z^ONMvot-\mez_Z bu%M#b[y[iLcvulq¨¼k5xjlmbudlmvuMPZFeZsbu`[\{voetjO_y+`-Xv¯bulmMPvucL\mlmvutLZ^cvo\^ebutbo%xLijl^O
T/q¨¼%k ³
X
¸sxjl^bdul{voMZFet-\^babul{y[eft@volmXq¨¼k ³
M,X
¸ xLl^bdul{voMZNHJIjehZ¨vucZ^baZ^Ijb ¡ ZF\^ILvo\s\mIjOM#b[y[iLcfO
Z^X[Zp\mONM¿z_vot`@O¢YeO ¡ O_yvuZZ^efMPxjcOZ^X-t-\{vuzº\mezZ^ijdvul_
HJIjO#vocxjILvu`@ON\
Σ̇P
bu=\^IjO#vuZmZ]b[zehv\mO_yq¨¼%k ³
M,X
¸rxjlmbudlmvuM@eZUzbdtLZ]\^lmiLzº\mO_y`YX½vuZmZ]b[zehv\meftL
bdtjOvot@ybutjcX
bdtjOxjlmO_y[ehzNvo\^OZ^X-Ma`@bdc
ṗ ∈ Σ̇P
bu=vul^ef\pX
n + 2
\^bO8vuz{IxjlmO_y[ehzNvo\^OZ^X-Ma`@bdc
p ∈ ΣPbuvul^ef\pX
n
FHJIjOU\^l{vot@Z]chv\mefbdt
Π
bo\^IjOT/q¨¼%k xjlmbuul{voM»ehZ'vuZ¨¯bdcfcb ¡ Z%'
3G! 
  ªf«¬+^­º¬ ^­a­{­m®d­{® 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>¬ ­ !a¬ d
Πµ(ν :p(~t)) = ṗ(µ, ν,~t)
Πµ(A, A
′) = Πµ(A), Πµ(A
′)
Πµ
(
p0(~t)← c|α
)
= ṗ0(y, µ,~t)← allow(µ, y, p0), c|Πµ(α)
Πµ (
⋃
{(A← c|α)}) =
⋃
{Πµ(A← c|α)}
Π (
⋃
{(µ,Dµ, Iµ)}) =
⋃
{Πµ(Dµ)}
Π〈〉
(〈
ν − µ :p(~t)
〉)
= ṗ(ν, µ,~t)
Π〈〉 (γ, γ′) = Π〈〉 (γ) , Π〈〉 (γ′)
Hvu`jcfO 'FÉjbulmMvoc4\mvutLZ^cvo\^ebutbo=T²q¨¼%k ³
X
¸¨\mb+q¨¼k ³
M,X )
  Ï * Ï    ÈÏ-+ D4  =%Ï  + Ð +Ë 8  # ­ P 	<D® (c|γ) {­/ 8 +^­    #"% 8^«   !  <4®  8 +^­   #"% d«ª
if
(
(c|γ)
P
−→ (d|γ′)
)
then
(
(c|Π〈〉(γ))
Π(P)
−−−→ (d, allow(y, µ, p), y = ν|Π〈〉(γ′))
)
 « ¬N« !­ ν  µ  p 	<D®P¬L©0!L	 y :h¬ <D«	  m­m­: < d  
  Ï%Ï-?=4¤¼%O\iLZPZ^ijxjx4bdZ^O
((c|γ) P−−→ (d|γ′))
Á¼%O\ 〈
ν − µ :p(~t)
〉 `4O\mIjO½Z]O_cfO8zº\mO_y5vo\^bdMÆeft
γ

HJILONt
γ
ehZbos\^IjO#¯bdl^M (
γ1,
〈
ν − µ :p(~t)
〉
, γ2
) ¯bdlZ]bdMPO
γ1
votLy
γ2
#rONtLzNO ¡ OPILv>¢dO Π〈〉(γ) =
(
Π〈〉(γ1), ṗ(ν, µ,~t), Π
〈〉(γ2)
) ¼O\
(p(~s)← c′|α)θ
`@OJ\mIjO'Z]O_cfO8zº\mO_yPzchvoiLZ^OJeft#MPb[y[ijcO
µ
HJILONt ¡ O
I@v>¢uO
(ṗ(y, µ,~s))← c, allow(y, µ, p)|Πµ(α)) θ
eft#\^ILO\^l{votLZ^chv\^ebut#bo
P
/O'vochZ^bUI@v>¢uO
d = (c,~t=
~s, c′)

X |= ∃(d)
vot@y
(ν =µ)∨(p ∈ I)
 Å Z
(ν =µ)∨(p ∈ I)
ehZ£\ml^iLOu8\^IjO¨zbdtLZp\mlmvueft-\
allow(ν, µ, p)ehZ\^lmijO#eft
M
£IjONt@zO ¡ O#ILv>¢dO X ,M |= ∃d′ ¡ ef\^I d′ = (c, (ν, µ,~t) = (y, µ,~s), c′, allow(y, µ, p) HJILONlmO¯bulmO ¡ OILv>¢dO ((c|Π〈〉(γ)) Π(P)−−−−→ (d′|Π〈〉(γ′)))  
sË    54 
! j­  C<4©:È« <j¬ Πµ 	<D® Π〈〉  ^­: <  ­{©>;: ­  
  Ï%Ï-?=4
Πµ
but±g-iLvoce @O_y/v\^bdMPO_Z_v\mbuMZ^O_g-ijO_tLzO8ZvotLy;zNcvuiLZ]O8ZeZRv½zbuMPx4bdZ^e¥\mefbdt²bu¨etnpO8zº\^e¢uO
¯iLtLzº\mefbdtLZvot@y\mIjONlmO¯bdl^OehZetnpO_z\^e¢uOdÉjbdl\^IjOZ^vuM#OlmO_vdZ]bdt
Π〈〉
ehZeftonpO_zº\mef¢dOu§sO8zNvuiLZ]O
Πµ
bdt
MPb[y[ijcO_ZJehZJ\mIjOx@bdeft-\ ¡ ehZ]OON-\mONtLZ^ebutbo Πµ yjO>LtjO8ybutzchvoiLZ^O_Z_[e¥\'ehZJetnpO_z\^e¢uO\^bYb@

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aÏ * 5 Ë  Ë +Ë _  # ­> P 	<D® (c|γ) {­  8 +^­    #"% 8%m«&  !  <4®  8 +^­   #"% d«ª
if
(
(c|Π〈〉(γ))
Π(P)
−−−−→ (d|α)
)
then
(
(c|γ)
P
−−→ (d′|γ′)
)
G5GIH	JLKK>MNK
>  # !d­ !!­ ºª # 	<	8« :h¬
Dd­¬
 L­ m­ Π〈〉(γ′) = α  <4® d′ =(d, allow(y, µ, p), y = ν)  « ¬N« !­ ν  µ  p  <4®¬NL©    y :h¬ <4«  m­m­: < d  
  Ï%Ï-?=4F¼%ON\iLZZ]ijxLx@b-Z]O=\mILv\
((c|Π〈〉(γ))
Π(P)
−−−−→ (d|γ′))
HJILO zbdtLZp\mlmvueft-\
c
y[bYO8Z%tjbu\zbdtd\{voetvotYX
allow/3
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